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TRAITSPOHr-CRR  EFFICIWflCY  TEST. 


The  object  of  this  test  was  to  secure  a  method  of 
determining  the  losses  of  an  air  blast  transformer  by  the 
temperature  rise  and  quantity  of  air  supplied. 

The  test  was  made  at  the  Jackson  Boulevard  Sub«Station 
of  the  Chicago  Edison  Company  on  a  Go  E.  A, B. K,  -  B2  «  HOC 
K,  Wo  Transformer, 

Energy  is  received  by  the  transformer  at  9,000  volts  and 
stepped  down  to  195  volts  after  which  it  passes  through  a  Regulator 
to  a  Rotary  Converter,  The  primary  side  is  connected  three  phase 
delta*  The  connection  from  the  secondary  side  to  the  Rotary  is 
six  phase  star.  The  accompanying  diagrejn  (  Plate  4,  )  explains 
the  connections. 

The  iron  loss  of  transformer  was  determined  by  running  the 
Rotary  inverted  at  normal  speed  thus  exciting  the  transfonner 
from  the  secondary  side.  Wattmeters  were  connected  to  read  the 
power  in  the  three  coilSe 

The  temperature  of  the  iron  was  determined  by  measuring  the 
resistance  of  test  coils  placed  in  the  ventilating  ducts  of  the 
transformer.  The  openings  of  ducts  in  which  coils  were  placed 
were  stopped  so  that  the  tem.perature  recoi'ded  was  that  of  iron 
and  not  that  of  cooling  air.  The  coils  v/ere  made  of  number  36 
wire  and  had  a  resistance  of  about  100  ohms.  Instead  of  assuming 
a  temperature  coefficient  the  coils  were  calibrated  in  an  electric 
oven  and  curves  of  resistance  and  temperature  were  plotted  for  each 

coil_ 
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The  rise  of  temperature  in  the  copper  'vas  deternined  by  the 
change  of  resistance  in  the  secondary  Vvino ing.  In  order  that 
the  temperature  might  be  determined  under  load  conditions, 
connections  '.vere  r.ade  from  one  phase  of  transfci'mer  under  test 
to  corresponding  phase  of  Transf orin^'r  No.  2  of  the  3a,me  capacity 
(  See  Plats  3.  )  The  Brushes  of  Rotai'y  nurioer  2   'vere  removed. 
Under  these  conditions  the  neut'al  points  of  the  two  coil:.'  -"^cre 
at  same  potential  and  by  means  of  a  storage  battery  connect'^  1 
to  these  points  a  direct  current  'vas  caused  to  flow  thrc'gh  the 
coils.  The  resistance  of  the  circuit  bet-'reen  neutral  points  and 
of  leads  :vere  found  by  the  fall  of  potential  method.  i-vno^"ing  the 
resistsrrice  of  auxilliary  trans  form -^x-  the  resistance  cf  transfcr^j 
under  test  ca.n  be  csl'^ule.tei.  I 

While  the  neutral  points  are  theor- 1  ically  r^t  th"  s.^-e 
potential  it  '"an  foi-:rc  that  rou'r?!  point  of  transformer        j 
undsr  test  slilfted  as  tlie  load  "'eut  on,  cr^^isir^  ^r.   alt.rr-np-- ii-^ 
t.  li.  F.  and  current  bct^"een  the  neutr-l  poii\t;-;.  Ci!  thi.:  pcrcunt 
it  v/as   found  inadvis-.bl'^  to  use  a  mill' -vcl tn=^\.-n^  to  me^'-siire 
fall  o'^  rot'-ntinl ,  so  a  Leer"  r ;- a  Ncithrup  Potent  i  cm"  ter  -'-ez 
used.  This  being  a  zero  method  the  presence  of  the  Alternating 
E.  M.  F.  did  not  affect  results.  An  Armiieter  3^unt  a:-d  Lilli- 
•  voltmeter  were  used  to  measure  current  in  the  neutral. 

The  variation  of  current  bet'.veen  neutral  points  "'ith  the 
load  is  included  in  the  data.  See  Data  Page  2^. 


The  air  outlets  of  the  transformer  v;ere  covered  with 
sheet  iron  hoods  as  shoivn  in  the  accor:panying  phD  t  :)j:'aph»  The 
openings  of  hoods  consisted  of  rectan^il-^r  ti-.h-Mr:  in  order  to 
kIvo  ye.r'^llei  -^In^v   of  -iv,    ler."-ln^  Ui^  trr;n;r'*orj  :?r.  The 
velocity  of  the  air  ^ras  ruepsurcd  hy  p  set  of  ritct  tiihe:: 
and  a  dif derent isl  draft  e^^^b'^*  -^^^  r.'Fri  "rJcrit^  ^'^c 
deterL.ln-jd  by  ylc  t'-.i"!"f  ciirves  of  the  velocity  in  different 
cectDCUG  aud  finding  their  nera.  "'ivL  a  vlp.id!u;tv  .:•, 

Unit  number  1  ;7s?s  chosen  for  the  test  becauce  it  w^ 
neces^aiy  fcr  cia^  i:...thcd  cf  :  .cr.iuri::^  r:eccn.,"-r'"  r,c;-.isla)  a:- 
that  the  neutrals  of  the  three  phases  be  kept  separate.  Unit 
No,  1  is  provided  -^ith  a  Glitch  so  thet  it  i  ry  ho  started  :''rcr: 
the  r^    d.  end  en  one  Lolf  vcltfr:e,  the  n-utrrls  of  tie  three 
coil?  --ing  brought  up  seperat'-ly  to  th-  s-i'-itch, 

IRON  L  G  g  G 
Phase        Our  rent        Vol  t  s      •■;.  V'.       Fov.^er  Ff  cto; 
/>  ►-  /•. »  ^-^^^^  ISI         i^p         ,''^-id" 

B  «  P'  BOS         l'-7         o.i         ,337  0 

Total  lof:3   =   18 o 6   K.  W, 

^  18 o  6  i.e£f- 

1100 


ie.6   I<UW.    =  16.6x1000   X   550  =  17,6  B,    T.    U,    per   sec. 

74-6        778 
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Copper  Loss  at  Full  Loa(3«, 


Resistance 

of  Secondary 

Coil 

Current 

Crop 

1-1 

1^  .6 

.0457 

1-2 

108.2 

.  0444 

2-1 

105.8 

o0417 

2-1 

104.5 

.0410 

2-2 

105.2 

,0395 

2-2 

104.8 

.0385 

3-1 

109.0 

,0494 

3-1 

108.4 

.0491 

3-2 

108.4 

.0501 

3-2 

107.5 

.0498 

Resistance 
.000417 
.000410 
.0003P4 
, 000*^92 
.000366 
. 000-^67 
.000453 
.000453 
.000462 
.000463 


Average  resistance  of  1/2  coil  =  .0004165  Ohm 
Resistance  betv/een  corners  of  delta. 


Corners 


P  R  I  M  A  R  Y. 


1-2 

36.8 

27.0 

.734 

1-2 

36.8 

27.1 

7-75 

1  -  g 

35.4 

26.9 

.-^'9 

1-3 

36.3 

26.9 

.741 

1-3 

55.7 

27.0 

.7  36 

1-3 

•^C:.7 

26.9 

.733 

Average  =  .7365 
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The  resistance  between  comers  of  delta  is  the  combined 
resistance  of  two  paths  one  containing  one  coil  and  the  other 
two  coils  in  series.  If  X  is  the  resistance  ofi  coil  and  R 
the  combined  resistance 

plus  — i R  =  «7365 


R        X         2  X 

X  =  1.104  ohms  resistance  of  ptimary  coil. 
Current  in  secondary  ceil  at  full  load 

IIOQ.O    X    1000    _  i^rro 

■ ^-^ — jg^  =  197  2  amperes. 

p 

I  R  loss  in  three  secondary  coils 

=  3  X  (  1972  )^  X  .0004165  x  2  =  9,71  K,  W, 
Current  in  primary  coil 

1100    X    1000     _    n  r,c 

-  9000  X 3 '^^'^^   amperes. 

p 
I  R  loss  in  three  primary  coils 

5  X  C  ^^0.75  )2  X  lol04  =  5,!:  K.  Wo 

Copper  loss  =  fo5  plus  9«71  =  15.21  K,W, 
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Copper  Temperature  Rise  Test    Load  6, 600,  Amperes, 


Trans  under  test 
n     «     » 

Auxiliary  trans 
If       » 

Duct  temperature 


Temperatures 

Start 

Finish 

Air  at  upper  outlet 

16,8 

r.5,5 

"   "  lower    " 

18.8 

35,0 

•♦   "  upper    ** 

18,8 

22o7 

•♦   ••  lower    " 

Itf.b 

26<.l 

18  •  8 

21.6 

-cd  j-ar^?   e-'J-A      ?^^;.J■^■: 
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Time 

Current 

C  to  C* 
1      2 

Neut,  to  N 
1     2 

E 

C,  To  C^ 

E 

R  ^   1 
1/2  Coil' 

T.  Rise 
'Deg.  C. 

10.20 

244«0 

,1948 

.2970 

.1962 

.000419 

8.0 

10.50 

252,5 

.1876 

.2862. 

,  1 904 

aUu0425 

11.7 

11.12 

227.5 

,1680 

.2841 

.1878 

.0U0428 

13.6 

11.20 

?26o4 

.1876 

.2839 

.1888 

.000428 

14,2 

11.50 

224,9 

.1868 

.2832 

.1897 

,000425 

11.'' 

11.40 

223.3 

.1856 

.2820 

.1694 

.00U426 

1  o  rt 

11.50 

221.8 

.1843 

.2803 

.1883 

.000426 

12.3 

12. uO 

220.3 

.1«37 

.2782 

.1870 

.000425 

11.7 

Resistance  of  1/2  coil  #1  at  18.8°  C. =  .0004165 


R.  of  paths  in  #  2  at  18. 


,0  _ 


.0002060 


R.  of  paths  in  7f  2  at  22.7^  =  .0002094 


Pressui*e  taps  on  ^  1  underneath  transformer  at  ends  of  coil. 
See  scheme  of  conections  as  shcvn  8|l!^Z  PLATE  3 
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Copper  Temperature  Rise  Teat  « 


Load  On  RQTORY*^-'eOOO  Amperes^ 
Temperatures. 


Time 

#1  Upper 

#1  Lower 

Duct 

#2  Lower 

Outlet 

Outlet 

Cutlet 

5.10 

23o3 

27.2 

20.8 

5.40 

32,5 

51.4 

21.6 

24.1 

«.10 

3tt.3 

54.4 

21.6 

4.40 

42.7 

26.6 

21.6 

25.5 

R  of  path  in  No.  2  start  .0002084 

R  •♦   •*    "      »    2  finish  .0002100 

Pressure  taps  on  No.  1  underneath  transformer  at  ends 

of  coil. 
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The  tabulated  readings  shown  on  pages  15,  17,  19,  21, 
23,  25  were  taken  at  section  a-a,  b-b,  as  shown  pn  PLATE  1 
without  dotted  extension  on  discharge  tubes. 

.The  constants  K  and  K'  for  the  lower  and  upper  openings 
were  obtained  by  extending  these  nozzles  as  sho^'/n  on 
PLATE  ^  1.  and  comparing  velocity  heads  as  tabulated  on  pages 
12  and  13. 

The  object  of  these  extensions  was  to  obtain  a  parallel 
flow  of  air  past  the  pitot  tubes. 

The  results  with  these  extensions  givee  the  true  velocity 
heads. 

The  mean  velocity  head  was  determinedby  dividing  the 
cross  section  of  the  discharge  duct  into  a  large  number  of 
small  areas  at  the  center  of  each  of  which  the  tubes  v/ere 
located  and  a  reading  of  the  draft  gauge  taken. 

Curves  were  plotted  (PLATES  9  to  28  inclusive^  and  by 
integrating  these  curves  the  value  of  K  was  determined. 
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Weight  of  air  per  cvu  f  t,    at   29.54C     pressure  and  e7°p. 

,0864  X  29.545  x  461  _  ^r^.Q 
29.921  X  (461plus87) 

Humidity  in  tunnel —  Wet  Ther.  =  35.8,   Dry  Ther.  =  36,8°F. 

Relative  humidity  =  7d  % 

Weight  ffif  liquid  in  saturated  air  at  52.2°  F  =  «000627 

.000627  X  .75  =  oOOOfte  #  per  cu,  f t. 

and  .00046  x  461  plus  57-^  ,000.2  #  '^'l    ,0716  plus. 00042=. 07 2#/eu, ft 
461  i)lus  87 

Reducing  inches  of  water  to  feet  of  air  we  have- 

.63fi  X  1  X  62.3   =45,75  ^S-f V-pei'-eeer  ft,  air, 
12     o072 

Velocity  =  "  2gh     =     64,4  x  ^iD»7b     =  54»2  ft.   per   sec. 


Quantity  =   .536  x   54«2  =   28.97   cu.    ft.    per  sec. 

In  an  adiabatic   expansion   the  pressure  varies  as   the   cube   of   the 
absolute   temperature 

—         S_  =  m    '  29.725     _(    513    y     x  =   '^l   ^@  F. 

^n  (T^      )'    '         29.545     '  JirT^  ^       " 

Temperature  of  air  leaving  =  87  hence   rise  =87-01.2  =  3b. 8°?. 

Specific  heat  at  constant   pressure  =   ,2375 

Weight   of  air  =   28,97    x    .0716   =   2.075  #  per   sec, 

whence   2»075   x   .2375   x   35.8  =   17.6  B,  T.  U,  per  sec. 
Heat      carried  off  by  water:=   2897   x    .00042  x   35.8  =    .436  B.  T.U. /|ge. 

Total  B.  T, U,    from   side   opening   : 

17.6   plus    .436  if=   18.036  B.  T.U.    per   sec. 
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Weight  of  air  per  cu,  f  t.  at  29.54'^  inches  pressure  and  at 

''•'°  ^-  =,0864  X  S2^   i  S21_  =  .072 

29.921  *   r^^.6     •  ^ 

Weight  of  vapor  per  cu.  f t.  when  humidity  is  7":  /«  =  •000:2 
Weight  of  mixture  =  .072  plus  .000-^2  =  .07242 
Seducing  4©  inches  of  water  to  ft,  of  air  we  have 

.17  X  -i-  X   62*^  =  12.2  ft. 
12    ,07242 

Velocity  =     2gh     =        6^,4  x   12.2       =  28   ft.    per  sec. 

Quantity  = 

28   X  =  lo«6   cu.  ft,    per   sec. 

144 

and   13.6  x  .072  =  .98  #  per  sec, 
.98  t   .2375  X  33.3  =  7,74  B.  T.U,  per  sec. 
Heat  carried  off  oy  moisture  : 

13,6  X  .00046  X  'i5,i   =  .208  B.  T.U. 
B.  T,  U,  from  upper  opening  ; 

7.7..  plus  .208  =  7.9'-8  B,  T.U,  per  sec. 
Total  B,  T.  U.  carried  away  oy  air  per  sec. 

18.036  plus  7.948  =  25,98  B,  T. U.  per  sec. 
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Hximidity  in   ttinnel     Wet   ther.    =  67.8     Dry   ther.    =519f. 
Relative  humidity  =   cO  % 

Weighy  of  air  per  cu.  f t.    at   29.45   in.    pressure  and  116. -^^F.    = 
.0864  X   S°''^?      X  ^61. 


=  .0679 

29.921    461  plus  116.4 

Weight  of  liquid  in  saturated  air  at  82.6°F  =  .0016 

.0016  X  3  =  .000^  #  per  cu.  f  t. 
This  will  be  .000^8  x  461  plus  82.6 

46rinr  11674  =  •°°°'*^ 

Total  weight  =  .0679  plus  .000*6  =  .06836  #  per  cu.ft. 
The  mean  velocity  head  =  (.79)^  inches  of  water 
Reducing  this  to  ft.  of  air  we  have 

(.79)2  X  1   X  ,62,5   =  47.5  ft.  of  air. 
12    .06837 

Velocity  =  2gh  =   64.4  x  47,5  =  55. ;3  ft.  per  sec. 

Area  of  opening  _Z^|_11_  ^  .535  sq.  ft. 

In  an  adiaoadic  expansion  the  pressure  varies  as  the  cube  of  the 

absolute  temperature. 

-^  =Llm  \  -29^6_  ^  1.543,J_1^  ,x  =  542.6  abs.  =  8l.6°F. 

P     (  T„  Y      »         29.^3     (    X    )^ 
n     n 

Temperature  iei»g  leaving  =  116. ^j-  -  81.6  =  34,8°F.  rise. 
Specific  heat  at  constant  pressure  =  ,2375 
Weight  of  air  =  29.6  x  .0679  =  2.01  #  /  fgc. 

2.01  X  .2375  X  34.8  =  16.65  B.  T.  U.  per  sec. 
Heat  carried  off  by  water=  29.6^,00046x34.8  =  .475  B.  T. U.  'per  sec. 
Total  B.  ToU.  from  side  opening: 

^¥       16.65  plus  .475  =  17.126  B.  T.  U.  per  sec. 
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Weight  of  air  per  cu,  ft.  at  29.43  inches  pressuEe  Bnd  112.50 

.0864  X  ^ii^^  X  — ^^ i  ,06P:=^ 

29.921    461  plus  112.? 

Weight  of  vapor  per  cu. ft,  of  saturated  air  at  67.8°  =  .0016 
50   %  X    ,0016  =  .00048  #  per  cu,ft. 


This  would  be  .00048  x  461  nlus  82.6   =   «««,^  „ 

461  plus  il2~ -  '^^^^^  *   P^^  ^^•^*' 

at  116.4^. 

•0683  plus  .00046  =  «0684  #  weight  of  vapor  and  air. 


Mean  velocity  =  64.4  x  .182  x  62. :5   _  gg^g  j,^^  ^  p  s 

12     X    .0688  *'"  ""      * 

Quantity  =  29.5  x  70     =  14.45   cu.  f t.    per  sec. 
144 

WeighJ;  of  air  discharged  per  sec.  14,45  x  .0683  =.987#per  sec, 

raised  29.6° 

B.  T.U.M=.987  X  .2375  x  29.6  =  6.91  B.  T.  U. 

Weight  of  moisture  =  14.46  x  .00046  =  ,00665 

,00665  X  29.6  =  ,197  B,  TaU.  per  sec, 

6.91  plus  .197  =  7.107  B.  T.U,  per  sec. 

Total  B.  T.  U.  carried  away  oy  the  air  per  sec.  = 

17,125  plus  7.107  =  2-^.25  B.  T.U. 
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Weight  of  air  per  cu.  ft.  at  29.5  pressure  and  117^  F  = 

.0864  X  ^^'^^  X  ^^i- =.06PF  ^  per  cu.  f t. 

29.92   46H-  117 

Q 

Weight  of  liquid  in  saturated  air  at  78  P  =,00158  f 

V/eight  of  liquid  in  57^  saturated  air  =  .0009  # 

This  would  amount  to  .0009  x^^^^— ^^^  =  .00084  # 

461-+-  117 

Weight  of  air  and  liquid  =  »0693  # 

Mean  velocity  =  ^________ 

=V(64.4  X  .692  X  6  2?      __  _  _^ 

77 
57.7  X  -^ —  =  30«8  CU.  ft.  per  sec. 

144 

and   30.8  x  .0685  =  2.11  #  per  sec. 

Tenperature  of  duct  air  after  expansion  83  raised  to  117° 

B. T. U,  carried  off  by  air, 

2.11  x  ,2375  X  34  =  17.8  B.  T. U.  per  sec. 
Heat  carried  off  oy  moisture  in  air 

30.8  X  «00084  X  34  =  ,879  B.  T.  U. 
Total  B.  T.U,  per  sec.  from  side  opening, 

l7.8-|-,879  =  18.679  B.  T. U.  per  sec. 
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Wt.  of  air  per  cu.  f t.  at  29.51  Bar.  Pressure  and  120°F= 

,0864  X  ^^^^  X  -i^2 -=  =  .06S2# 

29.92   461  X  120 

Wt.  of  vapor  per  cu.  ft.  of  saturated  air  at  75°  =  ,0015 

e>'5  %  y.    .0015  =  .00095  #  per  cu.  ft. 

This  would  be  .00095  x  j^^.  ^^'"^^^  1^^^   H=  .00088  #  per  cu.  ft. 

461    plus    120  ^ 

at     120"^  F. 

.0682  plus    .0009  =    .0691  =  Y/t.  of  vapor  and  air. 

Mean  Velocity^  V     64.4  x'-lH^L.  x     ^^'^     =   23.36      f,p,s, 

12  .0691 

70 
Quantity   of  air  =  23.36   x  — —  =  11.32  cu.    ft.    per  sec. 

144 

Weight  of  air  discharged  per  second  =11.32  x.06S2== 
t774  #  per  second,  raised  38,5° 
B.  T.U.  =  ,774  X  38.5  x  .2375  =  7.06 
2  ■  Weight  of  moisture. 

11.52  X  .0009  =  .010188,   .010188  x  38.5  =  .392  B,  T.  U,  /  sec. 
7.06  plus  ,392  =  7.452  B.  T. U.  per  second. 
Total  B.  T.  U,  cari'ied  away  per  second  = 
18.679  plus  Br  7.452  =  26.131 
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BALANCE  OF  ENERGY  LOSE  MP  HEAT  GAINED  BY  AIR_  . 
Copper  los.q; 

Load  on  Rotary  7200  amperes  at  120  volta. 

Assuming  Rotary  efficiency  of  96,"^ 

Load  on  transformer  =  7200  x  120  =  POO  J^.iCW. 

Secondary  Loss; 

Current  =  900   x   1000  =  1613  amperes 
186   X   3 

Loss  =  3  X  (1615)^  X  .0004165  x  2  =  6.47  K.  W. 

Pri:n.  current  =  -|§^  |_I^  =  33.  I^  amperes 
9000  i   3 

2 
Prim.  Loss  =  3  x  (33o3)   x  1,104  =  3,67  K.  Vv, 

6.47  and  5,67  =  10.14  Pw  W, 

10.14  x  1000   x  550  =  9.51  B.S.U.per  sec. 
746      778 

Iron  loss  =  17,6  B.  T.  U.  per  sec. 

9.61   plus   17.50  =   27.21   B.  T.  U,    per   sec.    lost   in   the 

trajisformer. 

Average  heat  carried  out  by  air  = 

26.13  B.  T.  U.  per   sec. 
24.  23  B.  T.  U.       "      •' 
25.98   B.  T.  U. 


25.45  B.  T.U,    per   sec. 


I  -i- 
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The  heat  carried  away  by  conduction  through  the  copper  leads 
extending  through  the  base  of  the  transformer  is  exceedingly 
small  as  shovvn  oy  the  following  calculation 

q=  K  A  (  t^^   t^) 
d 

K  =  1.041  (  1  -  ct)  =  1,041  (  1  -  *000039  x  30)  =  1.042 

^  _  1.042(  1^5?  X  7)f2.54)   x  ?0  x  F   =  1.49  Therms, 
hence  Q,  =  — = ^ • ■ 

23  X  12  X  2.  P4  9 

The  area  of  cross  section  of  copper  leads  =  l,?f  sq.  inches. 

The  numoer  of  leads  leaving  the  transformer  =  7 

Transformer  coils  are  98   25  ft.  long  (end  ceils) 

The  equation  as  used  aocve  is  ih  C,  G.  C,  units  and  tlie  f severs 

2.54.  12,  and  5/9  are  conversion  factors. 

q  =  1.49  Therms  =  ^EX  =  .06  B.  T.  U. 

The  heat  radir.tcd  fi-cm  the  case  was  foiind  by  calculation  to 
be  still  smaller  than  that  lost  oy  conduction  and  hence  may  be 
neglected. 
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Voltages  Between  Secondary  Terminals. 

Transformer  Np.  1 

Terminals  Volts  Terminals  Volts. 

A—  C  9?.  C'«  B'  164 

A  «  B  15S.  B  -  A'              93 

A  -  &•  188.5  B  -  C  164 

A  «  C  157,  B  -  B»  165 

A  «  B'  92,  A'-  C               94 

C'«  B  92.  A*-  B'  166 

C'-Af  160.  C  -  B'              96 

C-  n  186,5 

Voltages  Between  Secondary  Terminals. 
Transformer  No.  2  with  only  C-C '  phase  excited.  Exciting  current 

equal  to  160  amperes. 

Terminals        Volts         Terminals         Vol ts 

AC  48.  C*  B'  134. 

A  A'  89.5  B  A'  89.6 

A  B  0.  EC  134, 

A  C  174.  B  B'  89,5 

A  B'  89.6  A'  C  44. 

C  B'  44.  A'  B*  0. 

C'  Air  134.  G  B'  46. 

C  C  180. 

Variation  of  current  in  neutral  between  C  C  phases  of 

number  1  and  nixmber  2,  with  variation  of  load: 

Load  Amperes  Neutral  Currents 

1000.  20, 

20v.O.  27. 

3000,  V  34. 

4000.  44. 

5000.  53, 

6000,  60. 

7000.  78, 
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By  taking  a  readliKl  at  the  area  which  gives  the  mean  tf 
the  velocity  head  determined  as  previously  described, tnly 
•ne  reading  of  the  gauge  is  necessary.  Hence  to  determine 
the  l«sses«f  a  transformer  it  w«uld  only  be  necessary  to  take 
five  readings,  the  temperature  at'  the  duct  and  the  two  points  o 
•f  discharge.  The  humidity  of  the  air  would, only  be  necessary 
in  the  calculations  when  extreme  accuracy  is  required* 
The  value  of  such  a  method  for  factory  or  central 
station  use  is  apparent  since  the  test  can  be  made  under 
service  conditions. 
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